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NEW STANDARD FREQUENCY MULTIPLIERS 


The Type 1112 Standard Frequency 
Multipliers provide sine-wave signals of 
1, 10, 1(K), and 1(K)0 megacycles when 
driven from a 100-kilocycle source. Thus 
they greatly extend the useful range of 
conventional crystal-controlled fre¬ 
quency standards, such as the General 
Riidio Type 1100-A, and facilitate ac¬ 
curate measurement of microwave fre¬ 
quencies. These multipliers are charac¬ 
terized by low noise and by almost com¬ 
plete freedom from sul)multiple-fre- 
quency spurious signals. In iuldition, 
the phase stability of the output signal 
at each desired carrier frequency is 
maintained at a higli value insk'ad of 
being rapidly degraded as it may be in 
some conventional multiplier circuits. 

The multiplier chain consists of two 
units, the first providing 20 milliwatts 
at 1, 10, and 100 mcjgac'ycles from three 
plmse-locked quartz-cr\^stal oscillators; 
the second, 50 milliwatts at 1000 mega¬ 
cycles from a phast*-lockc\l klystron os¬ 
cillator. The input to the first unit, 
Type 1U2-A, is normally 100 kilocycles, 
but alteniatively, 1, 2.5, or 5 mega¬ 
cycles* can be used. The second unit, 
Type Iir2-B, is driven from the 100- 
megacycle output of the first unit. The 


input frequency can vary a few parts in 
10* from the nominal value without loss 
of control. The multiplier stages can be 
manually detimed on either side of the 
nominal standard frequency by an ad¬ 
ditional few parts per million if de¬ 
sired, provided that the operation of the 
multiplier is carefully monitored to pre¬ 
vent improper operation. Figures 1 and 
2 are panel views of the two units. 

Principle of Operation 

The underlying principle on which 
the phase-stability and noise-reduction 
properties of these multipliers are based 
is the use of a narrow-band filter to 
sek'ct only the dc^irt^l output harmonic 
at each output frequency. The filters 
used at the three lowest frcH^uencies are 
quartz crystals since they afford the 
highest possible Q, and hence narrowest 
bandwidth, in this frequency range. In 
order to maintain these crystal filters 
at the correct re.soiiant frequency to 
pass the desiretl harmonic, each crystal 
is incorporateil in an oscillator circuit 
whose frequency is phase locked to the 
desired harmonic frequency by an auto¬ 
mat iophase-control loop 

*When 2.5 Mt* or 5-Mc input U used, the 1-Mc output 
cannot be uited. 


Figure 1. Panel view 
of Type 111 2-A Stanch 
ard Frequency Mul> 
Hplier. 
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At the 1000-Mc output frcM|uency, a 
pha.st'-l()cke<l klystron oscillator is used 
as a solwlive filter to eliminate un¬ 
wanted harmonics c)f the control fre¬ 
quency, thus operating in much the 
same manner as the locked cr>'stal os¬ 
cillators at lower frequencies. Since, 
however, the Q of the klystron resonator 
is not extraordinarily high, the phase 
modulation noise inherent in klystrons 
is reducixi by means of lu'gative feed- 
l>ack. The automatic-phase-control loop 
for the 1()()0-Mc klystron fe<Hls back 
ph:ist‘ nois<? over a wide frecpiency band 
to reduce phase instability, the reference 
standard in this cast* being taken tis the 
multiplied harmonic of the crystal-con- 
trolletl 10()-Mc driving signal. 

Block Diagrams of Multiplier Units 

The operation of the multiplier chain 
units can be understood easily with the 
aid of the block diiigrams of Figure 3 
(Type 1112-A) and Figure 4 (Type 
Iir2-H). 

The Type 1112-A Standard Frequency 
Multiplier receives a driving signal from 
the 100-kc frequency standard and mul- 
tiplic*s it to lOtK) kc. The signal from the 
1000-kc crystal oscillator is then com¬ 


pared with the 10(K)-kc multiplied signal 
in a tune<l, balanced, phase dett*ctor. 
The output signal from the phase dev 
tector is a d-c control voltage, which is 
applied to the grid of a reactance tube 
connected to the cr>'stal-os(ullator cir¬ 
cuit. When the crystal-oscillator fre- 
quency is adjusted close to the fr(*<|uency 
of the 1-Mc harmonic of the stiuidard 
frequency, the phase-<letector signal 
drives the reactance tula* to the proix?r 
value of reactance to synchronize the 
crystal frequency exactly to that of the 
8tandartl-fre(|uency harmonic. 

A small residual pluuse error remaius, 
but, as long as the crystal-oscillator fre¬ 
quency is within the lock-in range of 
the system, the crystal oscillator stays 
locked directly at the harmonic fre¬ 
quency of the standard. The phase error 
provides the controlling volttige which 
holds the cr>'stal oscillator in l(H'k. or, 
putting it in different terms, the servo 
loop is closetl with a small static error. 

If the crystal tends to drift, the phase 
error changes, and the change in the 
controlling voltage readjusts the reacts 
ance tube to hold the pluuM* error to a “ 
minimum. Since the crystal has a high Q, 
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the instantannius phase stability of the 
crystal oscillator is high, and th<‘ IcM-kt^l 
os(‘illator then has gcKxl short-t<*rin 
stability, while its long-term stability 
is identical with that of the fn^piency 
standard used fis the driving source. 

If the servo circuit, including the 
reactance tube, pluise detector, and ref¬ 
erence harmonic generator, intnahices 
noise into the reactance-tube grid cir¬ 
cuit, frequency- or phase-mcslulation 
noise can l>e generated in the crystal- 
oscillator signal. The bandwkith of the 
feiMlback signal is kept narrow to mini¬ 
mize this noise. Thus a clean, crystal- 
contr(ill(Hl signal is available at the exact 
harmonic frequency desired. 

In Figure 3, the functional diagram 
of th(‘ 10-Mc and KXt-Mc stfiges is esseji- 
tially identical with that of the 1-Mc 
stage. 'I'here are only minor dilTerences 
in the circuits to take care of the dif¬ 
ferent operating conditions at the dif¬ 
ferent frcHpiencies. A balanccHl plaist* 
detector is us<h1 at 10 Me, but an unbal- 
aiuanl phase detector is uswl at 100 Me 
to simplify th<* circuit. The HKl-Mc 
crystal-oscillator circuit uses a lifth- 
overtone-mode crj'stal, and re(|uires 
circuit relinernents to insure stable o|> 
oration at the fifth overtone. 

77a 77//M' Stamhml Frvf/urnctf 

Multiplier provides output at l(MH) Me 
from a locked klystron oscillator. In 






Figur* 4. Block diagram of Typ« 1112-B Stondord 
Frequancy Multipliar, 100 to 1000 Me. 

order to prevent uruiecc.ssary conversion 
of amplitude-modulation noise to fre- 
(luency modtilation, several departures 
from the straightforward arrangement 
of the lower freipiency stages are in¬ 
corporated. 

The frecpiency multiplication is ob¬ 
tained by multiplying 3 x 3 and adding I 
in order to obtain 10 times the input 
fretpiency. This circuit arrangeoumt 
permits the use of small receiving-type 
vacuum tulH»s up to the 1(KK)-Mc stage's 
mid makes po.ssible the introduction of 
a limiter to insure a constant drive level 
for the pha.se di'tector. 

The reflex klystron Inus a btiilt-in 
'‘remdance tube’^ in its repeller, which 
allows the operating frtH|uency and 
pha.se to be adjustfsl by variation of the 
repeller voltage. .\ d-c amplifier is in¬ 
corporates! in the repeller 
circuit to isolate the phase 
detector from the repeller 


Figur* 3. Block diagram of Typo 
1112*A Stondord Froquoncy Multi* 
Hplior, 100 kc to 100 Me. 
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and to provide desirable stiffness in the 
phase lock. 

A pencil-triode, groiinded-^id, buffer 
amplifier is used to raise llie output 
power level and to protect the control 
circuit from outside sipnal disturbances 
orip:inat inj; in the external measuring 
equipment to which the output signal 
is being supplied. The use of a plug-in 
external-n^sonator klystron and a pencil- 
tube amplifier in the 10(K)-Mc stages 
keeps tube replacement cost down. I)-C 
heater power is supplied by a rectifier 
to the klystron to reduce hum modula¬ 
tion, and regulated plate su|)plies are 
used throughout. 

Performance 

Output power from each of the ampli¬ 
fiers at I, 10, and 100 Me is a maximum 
of 20 mw into a 50-<ihm load. At lO(M) 
Me a maximum of 50 mw is available 
into 50 ohms. 

Tlie spurious signals at harmonics of 
the lower-free I uency control signals are 
all at lt*ast 100 db below tlie desired 
output signal, excej)t for higher har¬ 
monics of the d(:*sire<l signal. This means 
that a signal at KHM) Me, for example, 
is not accompanied by a family of 100-kc 
or 1-Mc sidel>ands, unless they are spe¬ 
cifically added by exU'rnal mixing. For 
many measurenu*uts, such as marker 
generation applications, this feature 
alone is a greal t ime saver and soimM irnes 
makers the difference bet w(vn a pra^tiical 



mea.surement setup and an impractical 
one. The power levels directly available 
are ade(|uate for a large percentage of ~ 
measurement applicatioii-s. The phase 
jitter, or phasf^modulation noise, is low, 
being equivalent to that of a free-run¬ 
ning crystal oscillator at 1, 10, and 100 
Me. Tlie output signal at 1000 Me a|>- 
pears to have the same stability as the 
ciystal-controllcHl harmonic of the 100- 
Mc <*ontrol signal supplied at the input 
connection. The amplitude modulation 
of the output signals is likewise low, tis 
a result of the eletftronically regulated 
power su])plies and the use of high-tj 
tuned circuits for the oscillator stages. 
Design Features 

The Type tt12~A Standard Frexjueticy 
M a///p/fer con.sistsof three sect ions, eacli 
of which receives a driving fnxiucncy 
and emits an output signal at a harmonic 
of this input freiiuency. A rear view of 
this instrument. Figure 5, shows the 
manner in wliich the circuits are con- 
structCHl. The thr(H.> multiplier senUions 
are arrangtMl in three horizontal rows 
of shielded compartments. The top row 
receiv(\s tlie input signal at 100 kc and 
su])plies an output signal at KKK) kc. 

The center row givc*s 10-Mc output, and 
the bottom row 100 Me. The input con¬ 
nection is normally attached to the input 
amplifier in the top row, at the up|K*r 
right-hand corner, but may be moved to 
the input amplifier of the second row at 
the left side for operation with iiijiut 
signals of 1, 2.5, or 5 Me. A test meter is 
mountcfl on the rear of the instrument, 
and a s('ries of switches is pi-ovided for 
enei gizing either the harmonic multiplier 
or crystal ost*illator, or both at once, in 


Figure 5. Rear view of Type 1112-A Standord Fre¬ 
quency Multiplier showing arrongement of stages in 
three horizontal rows. 
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Figur* 6. Vl«w of Typo 
ni2-A Standord Fro- 
quoncy Multiplier with 
chastii otsembly 
swung open for main> 
tenonce, cover* re* 
moved from 1 to 10- 
Mc multiplier stage*. 



each row. Th(»8e switches are visiitle at 
the left side of tlie rear view. The entire 
assfmihly swings out on hinges to allow 
aeces.s to the components in ea(;h com¬ 
partment (Figure 0). The meters on the 
front panel are iH'rmanently connected 
in one si<le of the halancetl phasfMletcH’- 
tor circuits for monitoring opi'rating 
level and for indicating loss of hn-k. 

The Tujye 1112~B Standard Frequency 
Multiplier is constructed with vertical 
chas.sis mounting of the power supply 
comiKinents and control circuit elements, 
t he klystron and associated hulTer ami)li- 
lier la‘ing mounUnl in a removable sul)- 
assianbly or “r-f he-ad.'^ A rear view of 
this instrument, with the shielding par¬ 
tially removed, is shown in Figun‘ 7. 
The r-f head in the center of the unit 


Figur* 7. Ruor vi«w of Typo 1112-B Sfondard Fro- 
quoncy Multiplior showing vertical chassis construc¬ 
tion and r-f head (center). 



is removable to facilitate replacement 
of the r-f amplifier tube and to allow 
easy replacement of other tubes in the 
side-mount<*d chji.ssis as.semblies. A view 
of the r-f head, with the cover plate 
of the amplifier removi»d, shows the 
grounded grid amplifier using a pencil 
triofle (Figure S). This view also .shows 
the detuning **buttoir^ for intnxlucing 
a small deviation in the fn^piency of 
the klystron rescniator to clu'ck for lock¬ 
ing of the oscillator. It is also po.ssible to 
mount this r-f h(\ad assembly on an e.x- 
temal ^‘storage*’ rc»sonator to improve 
the effective Q of the klystron resonator, 
if such an application is ever coiLsidered 
nec<'ssar^^ 

Applications 

Two separate and distinct applica¬ 
tions have been kept in mind during the 
development of this ecpiipment. The 
first, and most obvious, is the genera¬ 
tion of stable, low-noise, microwave, 
standard fnxjuencies fr(x» from un¬ 
wanted .si<leband fre()U(*ncies, which are 
often pre.sent in multiplier chains of 
more conventional il(‘sign. However, in 
order to generate the desired marker 
frequencies or microwave standard fre¬ 
quencies for various measurement pur- 
po.ses, it is sometimi's nece.s.sary to mix 
or add signals of different freipiencies. 
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Figur* 8. R>F h*ad of Typo 1112-B Standard 
Froquoncy Multiplior showing klystron in> 
stallod in rosonotor (bolow) and groundod- 
grid 1000-Mc ampliflor with cover removed. 


The output circuits of the 1-, 10-, and 
IO()-Mc statfcs of the Type in2-A 
Standard Frequency Multiplier contain 
coupling networks that allow all three 
of these circuits to be connectc'd in 
parallel without short circuiting wich 
other. This arnuiKement is indicatcnl in 
Figure 9, which also indicates a possible 
metluKi of adding the KHKFMc signal 
from the Type 1112-B Standanl Fre- 
cpicncy Multiplier. Another, and per¬ 
haps better, method of adding the KHK)- 
Mc signal is indicated m Figure 10. In 
this arrang(‘ment, the signal from the 
low-frcMpiency unit is addinl to that from 
the higii-frefiuency unit in a tc^e, the 
branches being isolated by mi.smatching. 
A line stretcher in each branch allows 
adjustment of the mismatch for maxi¬ 
mum isolation. By use of tlu'se parallel¬ 
ing scheriK's. it is possible to generate a 
marker frecpiency or harmonic series of 
marker frcH|Uencies at will in the micro- 
wave system. For some applicatioiLS, ad- 
ditional power will be di*sirable, but for 
many usf^s the output of the multipliei*s 
will 1 h‘ ade<iuate direc^tly. 

I'he .second application is in the inter¬ 
comparison of standard-frcHiuency oscil- 


Figur* 10. Arrang«m*nt for poralloling oufput tignalt 
of Typo 111 2-A and Typo 111 2-B Standard Froquoncy 
Multipiiort uting coaxiaUlino adding notworfc. 



OOWc lOMc 
OUTfVTS 


Figure 9. Schematic diagram showing parallel con> 
noction of 1, 10, and 100-Mc output circuits for appli¬ 
cation to generation of microwave harmonics. The 
100-Mc signal Is fed In separately. 


latoi*s for stability measurements. For 
example, a pair of l(X)-kc oscillators may 
be compare<l at KK) Me, the frcKpiency 
variations between them lieing then 
multiplietl by KKK). A frcnpiency dilTer- 
ence of one part in 10*, for instance, 
would appear as a onc'-cycle difTerence 
at 100 megacycles, which is easily meas¬ 
urable. 

— Fu.v.nk D. Lewis 



SET t,TO 000 ettvcuyiOTM^(oooMc 

5ET 000 OUSHTES AeVClXNCTH tOOHb 
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SPECIFICATIONS 


TYPE 1112-A STANDARD FREQUENCY MULTIPLIER 
Input: I volt, KKVkr sine wavo from stutidarii- 
frcquoncy osoillator. Can also Ik? driven at iii- 
tut fn*<|ui*iiei(^ of 1, 2.5, and 5 Me. Will run 
ns* with no input sigiud, but absoluttr fn^• 
(jueiiey will lj<‘ in error by Hovend parts fKT 
million unle.sM .standardized. 

Output: Four (‘hanneh; one oaeh of I Me and 
10 .NTe, and two of 100 Me; all sine wave; all 50 
ohms; 20 milliwatts, max., into 50 ohms. 
Terminolt: Tvi*K 874 (staxial Coiiiieetors; adap¬ 
tors are available to fit idl csnnmonlv usetl eon- 
neelor tyites. Sts* Experimenier for Mareh, 1958. 
Powur Supply: 105 to 125 (or 210 to 250) volta, 50 
tt» 00 eyrh^ 100 watts. Power input nsa*ptiu*le 
will aecept either 2-wire (Type CAP-^) or 


3-win* tType CAP-15) po>Yer rord. Tn'js* C.\P- 
Ji5 2-wire ts»nl is furni.shnl. Ty|K.» OAP-15 
wire (s^rd can l>e pun'hastsl separately at $2.25. 
Mounting ond Dimontionc: Relay-rack panel, 
19 X 12*4 inehi's; t»ver-:dl depth, 11^2 iucnes. 
Ntl Woight: 25 (Jounds. 

TYPE ni2-B STANDARD FREQUENCY MULTIPLIER 
Input: 20 milliwatts, 100 .M«*, .sint^ wave frcini 
Tyi'K Iir2-A Standanl-rnsjueney Multiplier; 
60-<ihm input inijHslan(s\ 

Output: 1000-Me sine wave: 50 mw into 50-ohm 
lerul; 50^»hm output im|M*iianee. 

Net Weight: 35 itoiinds. 

Other .siM^eineations an* identical with those* 
for Type iH2-A, alitive. 


Crulf Wonl price 

1112-A I Stondord Frequency Multiplier.| Klsa H i $1450.00 

1112-B I Stondord Frequency Multiplier. I El*Ol>K | 1360.00 


TYPE 1214-D UNIT OSCILLATOR 


TTio Tvpk 1214-AS2 Unit Oscillator, 
which has Itcon .supplied for use with 
the Typk 101 1-B Capacitance T(*st 
Bridge* in the measuremt^nt of ole*!*- 
trolytic capacitors at 1*20 cycUni, hits 
now Ikhmi piven the type nuinher 1211-0. 
.Specifications, which were oriKinally 
piil)liHh(*d in the .August, lOoO. issue of 
the Expvrimcnler^ remain unchanged, 
and are reprinted helow. 

Tr»l Hridee." Gmerut Rudw ExperiturnUr, 
.12. 9. F«*tiru.Hry. 1958. pp. ti*8. 


SPECIFICATIONS 

Frequency: 120 ryclea ±2%. 

Output impedance: Four impedanei*s match 
th<* innM*dnn<*e <»f the Type 1011-H Capnri- 
t.'unre Ti*Mt Hridge at four multipli<*r |>OKitions. 
Output: .\t leiLst 2(KK) mw into niai(*he<l load. 
Distortion: f/<*8s than 3% into a inat<*h(‘(l load. 
Terminals: The output terminala an* jaek-top 
biiidin*’ posU with st.*uidard ? 4 -in(*h spacing; a 
ground termiinU is provided, adjacent Ut one of 
the «mtput terminal.H. .lack is providi‘d for i*on- 
ni*cting f*xt4*niai oM*iilator. 

Power Supply: Unlike most iiLstniments <»f the 
Unit line, the jx>wer supply is built into the 
instniment; 115 volts 40 T>0* eyeh*s; |M»wer <*on- 
sumplion is alx»ut 16 watts. 

Tufte 

1214-D Unit Oscillator. 



Accessories Supplied: Spare fiLses; th(* power cord 
is integral witli the unit. 

Tube: One 117N7-Crr, which Ls supplied with 
the instrument. 

Mounti.ig: .Aluminum panel and sides finished in 
bhu*k-<*rackh* l;icnucr. Aluminum du.st cover 
fini.shed in cle:ir lactjuer. Relay-nick adaptor 
ptLiicI available. 

Dimensions: (Height • 5*4 X (width) 5 X (depth) 
inches, over-:dl, not including piwer-line 
connector crord. Net Weight: 4*2 pounds. 

Cotlc Word Price 

. I AHMOT I $100.00 
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SHORT DECAY-TIME IMPACT-NOISE 
MEASUREMENT 


Perhaps tlie great('st causes of noise in 
offices (other than people) are typewrit¬ 
ers, calculators, and other busiiu'ss ma¬ 
chines. Aware of this, Underwood Cor¬ 
poration’s Cleneral Laboratory 

in Hartford, Conned icut, has, for ovei 
twenty yeai*s, (jarricnl on a prcjgram of 
measurement and interpretation of busi¬ 
ness-machine noises. 

Xoise from a typewriter is made up 
of a Boric'S of short-duration bui*sts of 
sound. Continuous spectrum and band- 
spectrum analyzers are not suited to the 
measurement of these extremely short 
impact noises. The (ieneral Radio Typk 
loo(>-A Noise Analyzer, however, hits 
been desigiuni specilically to mcnusure 
this type of noise. 

The dca-ay times of the impact noises 
from lypewrilei-s are very short, and, 
conscciuent ly, the Underwood Corpc^ra- 
tion found it convenient to modii'y the 
Impact-Noise Analyzer to have lower 
time constants for the time-averaging 
circuit. 

The modihcation for short decay-time 
measun'inent is easily accomplishtxl. 
The time constant of the analyzcT is 
det(‘rmined by an H-C circuit whose 
seri(»s n'sistance iss<*t with 1 he analyzer’s 
TIME Constant switch. Any one 




Figure 1. Setup used by Underwood for noise anal¬ 
yses of their “Golden Touch" typewriters. The 
transients are picked up by the suspended micro¬ 
phone, amplified by the Type 1551-A Sound-Level 
Meter, and then fed into the Type 1556-A Impact- 
Noise Analyzer. 

of seven dilTerent resistances can be se- 
lectiMl to provide charging times from 

2 milliseconds to 0.2 scrond. The reeom- 
me‘ndf‘il modification procedure is to 
change the capacitive element to a lower 
value. For example, if this capacitance 
is halvfni, all the time constants of the 
circuit are divided by 2, or if the \'aliie 
is reducetl by a fa<*tor of 5, the time con¬ 
stants are then divid(Hl l)y 5. 

Figure 1 shows an over-all view of the 
mea.siiring setup use<l at the General 
Research Laboratories of the I’nder- 
wo(kI Corporation. The ease and rapid¬ 
ity of mea.surement possible with the 
Type looti-A Impact-Noise .Vnalyzer 
permitted extensive investigation into 
the nature of impact noises. Measurt'- 

Figure 2. Oscillogram of typical typowritor noise. 
First impoct occurs when bar strikes the platen — 
peak value is approximately 115 db and lasts about 

3 milliseconds. A second peak occurs some 50 msec 

later when type bar returns to its rest position. 



lET LABS, INC in the GenRad tradition 

534 Main Street, Westbury, NY 11590 tel: (516)3 


www.ietlabs.com 
•FAX: (516) 334-5988 











11 


JULY, 1958 


monts could be made quickly and con- 
^ veni(*iitly to a^scerlaiii tlie efTwls of vari¬ 
ous typewriter modifications. No elaiM>- 
lale lest etiuipment oilier than the 
Impact-Noiso Analyzer and the Sound- 
Level Meter were ret|uired for prelimi¬ 
nary measurements. Oscilloscopes, tape 
recorder's, and other t(?st c*quipment were 


neces.sary only w’hen detaileel inv(*stiga- 
tions were reepiired,(Figure 2). 

Inderwooil Coi'iioralum found the 
Impact-Noise Mialyzer well suited to 
their measurement needs and, with its 
help, were able to make their “Golden 
Touch” typewriter the quietest that 
they have ever built. 


VARIAC" USED IN THE JETCAL ANALYZER 
AND TESTER 


In jet aircraft, exhaust-gas tempera¬ 
ture and engine spe(*d are vital to best 
<rigine life, efficiency, and safe operation. 
Engine temperature and engine speed 
must be maintaiiHHl within close limits 
and be indicated ax'curately on the pilot’s 
cockpit instrunants during (light. To 
test and to calibrate the systems that 
measure and indicate these ipiantities, 
the H A II Instrument Gominny of 
Fort Worth have developed the Jetcal 
Analyzer and Test(T. 

The ,Jetcal is a rugged, portable in¬ 
strument, which contains various check 
circuits, potentiometer, temperature 
regulator, meters, switches, and the 
neitessary probes, cal)les, and adaptors 
for performing ail tests. For convenient 
movement fiotn one aircraft to another 
along a flight line, the Jetcal has whe(*Is, 
adjustable handle, and support post. 

Unicpie features of the Jetcal are: 
(1) It is a precision instrument of labora¬ 
tory accuracy that is taken to the air¬ 
craft, performing its functions anywhere 


Figure 1. View of the Jetcol Analyzer and Tester. 
Wheels and handle permit the instrument to be moved 
conveniently to the aircraft to be tested. 


the aircraft is parked; (2) the .letcal 
test system is isolatetl from the aircraft’s 
system and thus provides means for 
checking and calibrating engines and 
cockpit instruments free of erroi*s or 
limitations in the aircraft systems. 

I’he .letcal is uscmI to det(*rmine the 
accuracy of the aircraft exhaust gas 
temperature system without the engine 
running and to read engine spetnl accu¬ 
rately during engine run-uii. In checking 
the ICGT system, the Jetcal heater 
probes apply jirecisely measured heat 
to thermocouples in the engine tail pipe. 

The Type \'-20 Variac- Autotran.s- 
former is an important component of 
every .letcal Analyzer and Tester — 
the Variac is the Jet cal’s temp(‘rature 
regulator. It controls the temperature of 
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resistance heaters in the heater probes, 
wliich apply accurately measured heat 
to jet engiiu* thermocouples (or to other 
thermal systems). 

Depending upon line v'oltage avail¬ 
able, the N'ariac will var>’^ the tempera¬ 
ture of the .letcal’s wiri'-wouud resist¬ 
ance heaters from 0 to approximately 
IKK) degn^es centigrade. 

The .Jetcal opcTates on any 9.5-to-1.3.5 
volt, .50-l(H) cycle, AC power supply, in 
tem|)eratures of -54® C. (- 60 ® F.) to 
71® C. (ItKJ® F.). 

Since the aircraft exhaust gas tem¬ 
perature .system is functionally checked 
without the engine running, the .Jetcal 
achieves important sjivings — savings 
of fuel, savings of mainteniuice man¬ 
hours, savings of engine operating life. 
Here’s just one example of .savings: 
IVior to .Jetcal, one major aircraft manu¬ 
facturer ha<l to mak(* an avenige of 
thre<‘ nights — at an average $7.52.57 
per hour — to check a jet plane's cock¬ 
pit indicator of tail pipe temperature. 
With the .Jetcal, the ECT system is 
calibrated to within db 4® C., without 
flight or engine running. 

If test by .Jetcal shows that an en¬ 
gine’s ECiT system is not functioning 
within allowtHl tolerance, the .Jetcal will 



Figure 2. View of interior of Jetcal. thowing the 
Type V-20 Varioc^ Autotransformer in position. 


trouble-shoot and isolate errors in the 
sy.stem — still without the engine run¬ 
ning. 

The Variac wa.s 8(4e(;ted for the .Jetcal 
by H it II design engineers because it 
fully nifM'ts B it II standards to as.sure 
reliability and durability in sustaiiUHl 
field u.se. 

.Jetcals, with V’ariacs and other high¬ 
est quality components, have been 
provtnl in world-wide operational u.se. 
More th.an 3()(K) .Jetcals are being used 
by the Fnited States .\ir Force, Arhiy 
and Xa\y, the N.VTO forces, jet engine 
and aircraft manufacturers, and airlim*a. 


The August and September numbers of the Experimenter will be combined in 
a single issue, to be published about September 1. 



General Radio Company 
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